1 

IMAGING APPARATUSES, IMAGE DATA PROCESSING METHODS, AND 

ARTICLES OF MANUFACTURE 

FIELD OF THE INVENTION 
[0001] At least some embodiments of the invention relate to imaging 

apparatuses, image data processing methods, and articles of manufacture. 

BACKGROUND OF THE INVENTION 
[0002] Digital imaging devices are becoming increasingly popular for still 

and video imaging operations. Numerous advancements for these devices have 
been made including increased resolutions and improved processing speeds. 
However, some digital video imaging device configurations are limited in 
resolution and framerate, in part, because of limited bandwidth available for 
accessing digital image data from an imaging sensor. One possible bottleneck in 
the data acquisition of some sensor configurations is the analog-to-digital 
conversion operations. 

[0003] In color electronic imaging, digital images are typically captured 

with either full color at each pixel, or a mosaic of different color sensors with a 
■single color at each pixel. In the mosaic approach, the incoming image may be 
resolved into three color channels and demosaiced. Interpolation of neighboring 
pixels is performed to determine red, green, blue (R, G, B) values or other color 
space values at each point on an image. 

[0004] In the full color approach, each sensor pixel may include a layered 

structure with photodetectors for detecting R, G, B color components stacked 
within respective layers of individual pixels - each photodetector is tuned to 
capture a corresponding respective color component. Disadvantages of the 
mosaic approach include color aliasing which leads to objectionable color 
patterns on objects, while disadvantages of the full color approach include 
complex processing of full color image data. 

[0005] At least some embodiments of the present invention relate to 

imaging apparatuses, image data processing methods, and articles of 
manufacture which provide improved digital imaging. 
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SUMMARY OF THE INVENTION 
[0006] At least some embodiments of the invention relate to imaging 

apparatuses, image data processing methods, and articles of manufacture. 
[0007] In one aspect, an imaging apparatus includes an image sensor 

having a plurality of color sensor arrays is described. Individual sensor arrays 
include a plurality of sensor elements configured to provide image data for a 
plurality of pixels of a respective color component at an initial resolution. The 
plurality of color sensor arrays overlap and are offset with respect to one 
another to define a plurality of sub-pixels for individual ones of the pixels. The 
imaging apparatus includes processing circuitry configured to access the image 
data for at least one pixel from each of the plurality of color sensor arrays, and 
using the accessed image data, to determine sub-pixel image data for the 
respective sub-pixels to form an image of an increased resolution compared with 
the initial resolution of the color sensor arrays. 

[0008] In another aspect, an image data processing method is disclosed. 

The method comprises providing image data using an image sensor, and the 
providing comprising configuring a plurality of color sensor arrays to overlap one 
another in an offset relationship to define a plurality of sub-pixels for individual 
ones of a plurality of pixels, wherein individual sensor arrays comprise a plurality 
of sensor elements configured to provide the image data for the plurality of 
pixels of a respective color component at an initial resolution, and accessing the 
image data for at least one pixel from each of the plurality of color sensor 
arrays. The image data processing method further comprises forming an image 
having an increased resolution compared with the initial resolution using the 
accessed image data. 

[0009] Other aspects of the invention are disclosed herein as is apparent 

from the following description and figures. 

DESCRIPTION OF THE DRAWINGS 
[0010] Fig. 1 is an illustrative representation of an imaging apparatus 

according to one embodiment. 

[0011] Fig. 2 is a functional block diagram of an imaging device according 

to one embodiment. 
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[0012] Figs. 3-3A show exemplary configurations of color sensor arrays of 

the image sensor shown in Fig. 2 according to respective embodiments. 
[0013] Fig. 4A shows details of an individual pixel of a color sensor array 

shown in Fig. 3A according to one embodiment. 

[0014] Fig. 4B is a schematic to achieve offsetting of color sensor arrays 

according to one embodiment. 

[0015] Fig. 5 shows details of sub-pixels of an individual pixel shown in 

Fig. 3A according to one embodiment. 

[0016] Fig. 6 is a flow chart of a methodology executable by processing 

circuitry of an imaging device according to one embodiment. 

[0017] Fig. 7 is a functional block diagram for displaying a high resolution 

image according to one embodiment. 

[0018] Fig. 8 is an exemplary methodology corresponding to Fig. 7 

according to one embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 
[0019] Referring to Fig. 1, an imaging apparatus 100 according to one 

exemplary embodiment is illustrated. Imaging apparatus TOO includes an 
imaging device 102, such as a digital video camera, configured to obtain image 
data 104. Image data 104 includes a plurality of frame images or frames 106 
comprising a raster of digital data obtained during imaging operations. The 
image data may comprise red, green, and blue color components in one 
exemplary RGB implementation. Individual frames 106 may also include 
luminance, chrominance or other digital information, for a plurality of pixels in a 
raster in other embodiments. Other color spaces or representations of digital 
color may be used. 

[0020] The illustrated configuration of apparatus 100 further includes a 

memory 120 and processing circuitry 122. Memory 120 is configured to 
receive and store image data 104. Exemplary memory may be implemented as 
hard disk memory, random access memory, read only memory, flash memory or 
other memory arrangements for storing digital data. 

[0021] Processing circuitry 122 is arranged to process image data 104. 

Exemplary processing operations of processing circuitry 122 are described in 
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detail below. Processing circuitry 122 may be arranged to execute programming 
instructions (e.g., software, hardware, etc.) to process image data 104. 
Accordingly, in such arrangements, processing circuitry 122 may be 
implemented as a microprocessor of a notebook computer, personal computer, 
workstation or other digital processing arrangement. Processing circuitry 122 
may also comprise a field programmable gate array or any other hardware or 
software configuration capable of processing digital data of the obtained image 
data 104 as described herein. 

[0022] Memory 120 and processing circuitry 122 are depicted externally 

of imaging device 102 and separate from one another in the exemplary 
configuration. In other possible embodiments, memory 120 and processing 
circuitry 122 may be embodied within a single device, such as a computer or 
workstation. In another possible embodiment, memory 120 or processing 
circuitry 122 may be arranged within imaging device 102. Other configurations 
of imaging apparatus 100 are possible. 

[0023] Referring to Fig. 2, an exemplary embodiment of an imaging device 

102 is shown. The imaging device 102 includes a memory 220, processing 
circuitry 222, an optics control 202, a user interfaced 204, an imaging system 
206 (including an image sensor 208 and optics 210 in the exemplary 
embodiment) and communications interface 212. In an exemplary multi-layered 
type image sensor 208 capable of sensing red, green and blue light components 
at individual pixel locations, each layer may include an image sensor for sensing 
light of a respective color component. Other sensors may be used including for 
example a sensor to sense intensity information in conjunction with a mosaic 
filter. The illustrated exemplary imaging system 206 is configured to provide 
raw digital image data in a plurality of frames. The raw digital image data 
comprises digital data corresponding to a plurality of pixels formed by image 
sensor 208. 

[0024] Processing circuitry 222 is implemented as a microcontroller in an 

exemplary configuration. Processing circuitry 222 is configured to execute 
instructions to control operations of device 102 and the generation of image 
data. Alternatively, processing circuitry 222 may be completely implemented in 
hardware. Additionally, processing circuitry 222 may control operations of user 
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interface 204 including controlling display of information using user interface 
204 and processing of input data received via user interface 204. 
[0025] Processing of image data may be performed by processing circuitry 

122 or 222 after the image data is captured and quantized (or otherwise 
digitized). Exemplary processing of image data is described with respect to 
processing circuitry 122 in the described embodiment. In one example, overall 
intensities of select individual pixels of a color sensor array are measured, and 
calculation of sub-pixel intensities is implemented by the processing circuitry 
122 as described below. Other exemplary processing of the image data includes 
interpolation by processing circuitry 122 to provide full color information, for 
example, to fully populate red, green, and blue information in respective arrays 
302, 304, and 306 (Fig. 3). 

[0026] Processing circuitry 122 may also operate to convert image data 

from one format to another format. Formats refer to different color spaces 
(RGB, CMY, CMYK, CMYG, HSB, CIELAB, YCC, etc.) or other representations of 
color measurement or specification. In an exemplary RGB embodiment, 
processing circuitry 122 may operate to convert RGB image data to a luminance 
or chrominance space. In another embodiment, the format conversion 
operations may be omitted and the original image data (e.g., RGB data) may be 
utilized. 

[0027] Memory 220 is arranged to store digital information and 

instructions. Memory 220 may include a buffer configured to receive raw image 
data from image sensor 208 and to store such data for processing. Memory 
220 may be embodied as random access memory (RAM), read only memory 
(ROM), flash memory or another configuration capable of storing digital 
information including image data, instructions (e.g., software or firmware 
instructions utilized by processing circuitry 222), or any other digital data 
desired to be stored within device 102. 

[0028] Memory of apparatus 100, device 102 or other memory includes 

one or more processor-usable medium configured to store executable 
instructions (e.g., software, firmware or other appropriate processor-usable code 
or programming). Processor-usable media includes any article of manufacture 
which can contain, store, or maintain programming for use by or in connection 
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with an instruction execution system including processing circuitry 122 or 222 
in the exemplary embodiment. For example, exemplary processor-usable media 
may include any one of physical media such as electronic, magnetic, optical, 
electromagnetic, infrared or semiconductor media. Some more specific 
examples of processor-usable media include, but are not limited to, a portable 
magnetic computer diskette such as a floppy diskette, zip disk, hard drive, 
random access memory, read only memory, flash memory, erasable 
programmable read only memory, compact disk, or other configurations capable 
of storing programming. 

[0029] Image sensor 208 is configured to generate image data 104 

comprising frames 106 responsive to received light. As described further below, 
image sensor 208 may comprise a plurality of sensor arrays individually 
configured to provide image data or image data values for a plurality of pixels of 
a respective color (e.g., red, green, or blue) component. In one embodiment, 
individual sensor arrays may comprise a plurality of sensor elements for a 
plurality of pixels or pixel locations arranged in a plurality of rows and columns 
configured to provide image data for the respective color component. Image 
data provided by one of the sensor arrays may; be referred to as a data array for 
the respective color component. Accordingly, the frames 106 may individually 
include image data in the form of a plurality of data arrays for respective colors 
and provided by respective ones of the sensor arrays of the image sensor 208. 
Image sensor 208 may additionally include A/D converters to convert received 
analog signals corresponding to sensed light into digital image data. 
[0030] In one embodiment, image sensor 208 is configured to permit 

independent querying of image data of one or more pixels of the image sensor 
208 separate from other pixels of the sensor 208. For example, at a given time 
instant, any desired or chosen subset of pixels may be read. Sensor 208 may 
comprise an X3 sensor available from Foveon, Inc. in one embodiment. 
[0031] Color information of individual pixels of color sensor arrays (e.g., 

numerals 302, 304, 306 of Figs. 3-3A) may be read from the image sensor 208. 
The image sensor 208 may be configured to implement downsampling, if 
desired, to provide low resolution image data wherein data is read from less a 
total number of pixels of a color sensor array. Further, an individual pixel of a 
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color sensor array (e.g., 302, 304, 306 of Figs. 3-3A) may include color 
information of a plurality of colors, and the individual colors may additionally be 
independently queried or alternately queried with other color information in 
alternate embodiments. 

[0032] Optics control 202 controls focus operations, zoom operations, or 

other desired operations of optics 210. In one embodiment, optics control 202 
includes a plurality of motors (not shown) which are controlled by the processing 
circuitry 222. 

[0033] Figs. 3-3A show exemplary configurations of the red, green, and 

blue color sensor arrays 302, 304, 306, respectively, which may be provided by 
the image sensor 208. Individual red, green, and blue color sensor arrays 302, 
304, and 306, respectively, include image data for a plurality of pixels of a 
respective color component. For example, the red array 302 includes a plurality 
of red pixels 308, the green array 304 includes a plurality of green pixels 310, 
and the blue array 306 includes a plurality of blue pixels 312. In one 
embodiment, the red, green, and blue sensor arrays 302, 304, 306, 
respectively, are arranged to overlap one another. The red, green, and blue 
sensor arrays 302, 304,- 306, respectively, are; also offset with respect to one 
another such that a plurality of sub-pixels are formed or defined within individual 
pixels 308, 310, 312, respectively. For example, offsetting the arrays 302, 
304, 306 with respect to one another provides a plurality of image data values 
for at least one color component for a single pixel location. 

[0034] In one embodiment, three overlapping sensor arrays are created 

with a different offset for each color component. In the exemplary configuration 
shown in Fig. 3, the green array 304 is overlapped on the red array 302, but 
shifted (e.g., a distance equal to one-half of a pixel) to the right of the red array 
302. The blue array 306 is overlapped on the red and green arrays, 302, 304, 
but shifted in a downward direction (e.g., by half a pixel) with respect to the red 
and green arrays 302, 304, respectively. In the exemplary overlapping 
configuration shown in Fig. 3, every quarter sub-pixel corresponds to three 
unique pixels in a sensor array. 

[0035] In another exemplary configuration of color sensor arrays shown in 

Fig. 3A, a three-way overlapping of the color sensor arrays 302, 304, 306 is 
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shown. For example, the three-way overlapping of the color sensor arrays 302, 
304, 306 produces 9 sub-pixels in select individual pixels (e.g., blue pixel 312). 
Sub-pixels of the blue pixel 312 are generally identified as 312i-3129 as 
illustrated in Fig. 5. It will be appreciated that the number of sub-pixels formed 
in an individual pixel may be more or less than the number of sub-pixels shown 
in the exemplary Figs. 3 and 3A. The number of sub-pixels within an individual 
pixel may be determined by the number of color sensor arrays involved in the 
overlap and also the overlapping arrangement of the color sensor arrays. 
[0036] Referring to Fig. 4A, an exemplary image sensor 208 comprising 

overlapped offset arrays 302, 304, 306 is shown. The multi-layered image 
sensor 208 may be configured to capture three colors (R, G, B). Each layer 
(e.g., 303, 305, 307) has image sensor or detector elements 401, 402, 403 
tuned to capture light of a different color component (e.g., red, green, blue). 
Sensor elements 401, 402, 403 may also be referred to as photodetectors in 
one embodiment. Exemplary sensor elements 401, 402, 403 comprise CMOS 
devices of a Foveon image sensor. Fig. 4A shows an individual pixel (e.g., blue 
pixel 31 2) resulting from the offset of red, green, and blue color sensor arrays 
302, 304, and ;306, respectively, of a multi-layered image sensor 208 are 
shown. Typically, the plurality of sensor elements or light sensing elements of 
an image sensor define the pixels and resolution of the image sensor. According 
to some embodiments herein, the arrays 302, 304, 306 may be offset with 
respect to one another. Accordingly, a given sensor may define a pixel for a 
given array but not for pixels of other arrays. For convenience, pixels or pixel 
locations may be defined by sensor elements of one of the arrays (e.g., blue) 
and the sub-pixels for a given pixel or pixel location may be defined using a 
plurality of the sensor elements of the other arrays corresponding to the given 
pixel or pixel location as shown in Fig. 4A. Fig. 4A depicts the arrays 302, 304, 
306 offset in an "x" direction. Arrays 302, 304, 306 may be also offset in a 
"z" direction (not shown in Fig. 4A). 

[0037] Fig. 4B shows another embodiment of the present invention where 

an image shift of an incoming image is performed in an image sensor 208a. For 
example, instead of physically shifting the color sensor arrays 302, 304, 306 to 
arrange image sensor elements (e.g., 401, 402, 403) in a spatially offset 
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manner, the offset may be implemented using an optical device, such as, for 
example, a prism 404, located in an optical path of a device (e.g., within optics 
210 of device 102) such that peaks of R, G, and B components of light are 
dispersed by a predetermined offset along the diagonal. For example, the R, G, 
and B components may each be offset by 1/3 of a pixel along a diagonal (or 
other desired offset). Thus, when an incoming image is captured using the 
arrangement shown in Fig. 4B and using full color image sensors (e.g., image 
sensor elements capable of measuring red, green, and blue color components at 
individual pixel locations), each color channel of each image sensor corresponds 
to a different location on the image. In one embodiment, the processing 
circuitry 122 (Fig. 2) may be configured to implement color demosaicing to 
provide additional color information. A high resolution image may be generated 
using equations (1) - (5) as described below. 

[0038] Fig. 5 shows sub-pixel details of an individual pixel. For example, 

blue pixel 312 includes individual sub-pixels 312i-312g, each sub-pixel having a 
unique combination of R, G, and B color components in one embodiment. 
Intensity values of the R, G, and B components of the sub-pixels 312i-3129 may 
be determined using image -sensor elements; of ; the various pixels of the color 
sensor arrays 302, 304, 306 the overlapping of which produced the sub-pixels 
312i-31 29. For example, consider the R, G, and B arrays 302, 304, 306 as 
being configured as 4x6 arrays (i.e., 4 rows and 6 columns) and overlapped and 
in a manner as shown in Fig. 3A. For this exemplary case, intensity of the red 
component of sub-pixel 31 2i may be determined using the overall intensity of 
the red pixel (R4xi) corresponding to row 4 and column 1 of the red color sensor 
array 302 (Fig. 3A). Likewise, intensity of the green component for the sub- 
pixel 31 2i may be determined using the overall intensity of the green pixel (G4xi) 
corresponding to row 4 and column 1 of the green color sensor array 304 (Fig. 
3A), and intensity of the blue component may be determined using the overall 
intensity of the blue pixel (B4xi) corresponding to row 4 and column 1 of the blue 
sensor array 306 (Fig. 3A). 

[0039] The overall intensity values of each pixel (e.g., red 308, green 310, 

blue 312) of a color sensor array (e.g., red array 302, green array 304, blue 
array 306 shown in Fig. 3A) may be measured by determining a physical 
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location of a pixel in a color sensor array and reading an intensity value 
corresponding to the determined pixel location directly from elements of sensor 
208 (Fig. 2). 

[0040] In one embodiment, consider, for example, each individual pixel 

(red 308, green 310, blue 312) comprises a plurality of sub-pixels (e.g., 
individual pixels may comprise 9 sub-pixels in the described embodiment) and 
the individual pixels may comprise a sum of the respective sub-pixels. In 
accordance with the described embodiment, a sum of intensities of the sub- 
pixels is equal to an intensity of the individual respective pixel having such sub- 
pixels. 

[0041] For purposes of simplicity, an exemplary methodology for 

determining sub-pixel intensities is described with respect to blue pixel 312 
having, for example, nine sub-pixels 312i-312s. Such methodology may be 
used for determining sub-pixel intensities of other pixels (e.g., red, green) of an 
array. 

[0042] As a starting point of the described example, respective intensities 

(Ibi, Ib2... Ibs) of sub-pixels 312i-312a may be set to be equal to 1/9 th of overall 
intensity Ib of blue pixel 31 2. This may be further refined by assuming that the 
color of the sub-pixels (e.g., 312i-312g) is the same as the color of the full pixel 
(e.g., blue pixel 312) in which the sub-pixels reside. New intensity values for 
individual sub-pixels (e.g., 312i-3129) may be determined using equation (1) that 
adjusts sub-pixel intensities Ibi, Ib2... Ib9 to agree with the above-noted 
assumption while maintaining the sum of intensities of the sub-pixels (e.g., 
312i-312g) equaling the intensity of the respective pixel (e.g., 312) having the 
sub-pixels. That is, Ib = Ibi + Ib2... + Ib9, where his the intensity of blue pixel 
312, and Ibi, Ib2... Ib9 are intensities of sub-pixels (e.g., 312i-312g) comprised in 
blue pixel 312. 

[0043] Since individual sub-pixels 312i-312g also include green 

components (e.g., Gi, G2,...G9) and red components (e.g., Ri, R2, ...R9), 
intensities of a sub-pixel 31 2i may be determined as follows: 
Bi = (Ri +Gi)*(mean(B)/(mean(R) + mean(G)). 

R1 = (B1 +Gi)*(mean(R)/(mean(B) + mean(G)). Equation 1 

Gi = (Ri +Bi)*(mean(G)/(mean(R) + mean(B)). 
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wherein the mean R, G, B values correspond to the mean of all of the red, 
green, and blue pixels in the respective red, green, and blue arrays 302, 304, 
and 306, respectively. 

[0044] However, each sub-pixel (e.g., 312i-3129) may reside in three 

different overlapping full pixels (e.g., red 308, green 310, blue 312), and 
equation (1) may not simultaneously adjust sub-pixel intensities for all three 
overlapping full pixels at the same time. 

[0045] The above equations may, however, be iteratively applied to 

refine the sub-pixel intensity values such that overall stress S is minimized. 
The overall stress is defined as: 

S = ^ ^ j j Equation 2 

stress Su may be defined as: 
u - £ M ) 2 + (Gij -Gi,i) 2 + (Bii - £u) 2 Equation 3 



where R , G , and B are average colors of sub-pixels in the neighborhood 

A A A YJ 

of an individual sub-pixel R u,v, Gu,v, Buv , respectively, and R, G f and ^ are 
intensities of sub-pixels within individual pixels, and defined by the following 
equations: 



3jc+2 3y+2 A 

R*,y = Z Z R wi Equation 4 

i=3x j=3y 
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Gx,y = Z Z G i 

("=3x+l j=3y+l 
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Bx,y = Z Z B\,\ 

i=3x+2 j=3y+2 
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where Rx, y , Gx, Y/ and Bx, Y represent the intensity values of the red, green, 
and blue pixels corresponding to row x and column y of red array 302, green 
array 304, and blue array 306, and Ri,j, Gg, B>,j represent the intensity values of 
the red, green, and blue components of the sub-pixels within individual pixels 
(e.g., numerals 308, 310, 312 of Fig. 3A) of color sensor arrays (e.g., numerals 
302, 304, 306 of Fig. 3A). 

[0046] Referring again to Fig. 3A, from the measured intensity values of 

the R4xi, G4xi, and EW pixels, sub-pixel intensity values of red, green, and blue 

.* • - / 

components of sub-pixels of an individual pixel (e.g., blue pixel 312) may^be 
determined using a demosaicing algorithm, such as, for example, a method 
described in "Demosaicing: Image Reconstruction from Color CCD Samples" by 
Ron Kimmel, IEEE Trans. On Image Processing, 8(9): 1221-8, Sep. 1999, the 
teachings of which are incorporated herein by reference. For example, the read 
pixel intensity data may be inputted to Kimmel's demosaicing method to obtain 
sub-pixel intensity values for the RGB components for the sub-pixels. Other 
methods for determining the sub-pixel intensities are possible. 
[0047] Fig. 6 is a flow chart of an exemplary methodology to determine 

sub-pixel intensities in one embodiment. The methodology may be implemented 
using hardware or programming (e.g., software or firmware). In the described 
embodiment, processing circuits 122 or 222 implement the depicted 
methodology. Other embodiments are possible including more, less, or 
alternative steps, or using other hardware or programming configurations. The 
appropriate processing circuitry (e.g., 122 or 222) receives overall intensity for 
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individual pixels (e.g., 308, 310, 312) of the color sensor arrays (e.g., 302, 
304, 306) of the image sensor 208 at a step 602. 

[0048] At a step 604, an assumption is made by the processing circuitry 

that an individual pixel has a constant local color in order to approximate 
intensities of the sub-pixels using predetermined initial intensity values of sub- 
pixels in one embodiment. The processing circuitry determines the sub-pixel 
intensities according to the equations (1) through (5) described above. 
[0049] At a step 606, the processing circuitry queries if more sub-pixels 

requiring determination of sub-pixel intensities are present. If yes, the process 
proceeds to perform step 604 for the sub-pixels. 

[0050] Fig. 7 shows another embodiment of the invention wherein an 

image of increased resolution (e.g., a high resolution image including sub-pixel 
data) determined by the processing circuitry 122 or 222, using the overall 
intensities of individual pixels of the color sensor arrays as mentioned above, is 
projected onto a display device 708 (e.g., CRT). For example, assume that the 
image of the increased resolution (e.g., high resolution image) has nine times 
(9x) as many pixels as a projector 704 can generate. The high-resolution image 
may be downsampled' using processor 702 ini order to obtain R, G, and B color 
components but with three different offsets corresponding to the offsets that 
are used to create the increased resolution image, thus producing R, G, and B 
color components with each color component shifted by a 1/3 of a pixel on the 
diagonal in one example. The resulting image may be projected using the 
projector 704 through a prism 706 onto the display device 708. The prism 706 
is configured to perform an inverse spatial offset of each color component of the 
image to display a high-resolution image corresponding to the increased 
resolution image. This arrangement enables displaying a high-resolution image 
using a low-resolution projector (e.g., by configuring the low-resolution projector 
into a high-resolution projector by splitting the R, G, B color components such 
that each color component provides a separate resolution position). 
[0051] Fig. 8 is an exemplary methodology to implement the embodiment 

shown in Fig. 7. The methodology may be implemented using hardware or 
programming (e.g., software or firmware). 
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[0052] Referring again to Fig. 8, a high resolution image is received in a 

processor 702 at a step 802. In one PC graphics example, one may set the PC 
resolution to be 9 times the display resolution. For DVD projectors, the display 
could be chosen to have 1/9 the full resolution of DVD video. For fixed 
resolution bitmaps, the bitmap could be resampled to have 9 times the projector 
resolution. 

[0053] At a step 804, the high resolution image is split into two or more 

spectral bands by appropriate optics assembly (e.g., into red, green, and blue 
bands). A dichroic prism assembly produced by Canon, Inc. and used in 
projectors such as for example LV7525, manufactured by Canon, Inc., may be 
used to split the light into multiple spectral bands. 

[0054] At a step 806, the processor 702 downsamples the received high 

resolution image for R, G, and B color components with three different offsets, 
thus producing R, G, and B color components with each color component shifted 
by a predetermined distance (e.g., 1/3 of a pixel) on the diagonal. The 
downsampled images are split into R, G, and B color components so that each 
color provides a separate resolution position. 

[0055] At a step 808, {the spatially downsampled images are displayed, 

with an inverse spatial offset of each spectral band, on a display device. The 
inverse spatial offset may be achieved, for example, using a prism. It will, 
however, be appreciated that other optical components may also be used. 
[0056] The protection sought is not to be limited to the disclosed 

embodiments, which are given by way of example only, but instead is to be 
limited only by the scope of the appended claims. 
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